The purpose of the current study is to examine the relationships between need satisfaction, motivation, and outcomes as well as the differential effects of the three psychological needs. The sample consisted of 1549 students from 10 secondary schools in Singapore. Structural equation modelling (SEM) analysis showed that students' psychological needs are positively related to autonomous motivation, and this in turn, lead to higher enjoyment, value and lower pressure. On the other hand, the three psychological needs were negatively related to controlled motivation. Controlled motivation was positively related to pressure but negatively related to enjoyment and value. In terms of the differential effects of the three psychological needs, relatedness contributed strongly to autonomous motivation, compared to autonomy and competence. In contrast, while autonomy and relatedness contributed to controlled motivation negatively, competence positively predicted controlled motivation. Finally, competence was found to link to pressure in a negative way. In summary, the findings of the current study provide support to the propositions of SDT and add some insight to the differential effects of the three psychological needs.
Introduction
For decades, researchers have established the connection between students' motivation and many positive learning effects (e.g., Ryan and Deci, 2000) . When students are highly motivated, they tends to stay engaged and persist longer, and acquire knowledge in a more coherent form, apply their knowledge more often, and achieve higher academic performance over the long term (e.g., Deci and Ryan, 1994; Reeve, 2009) . Focusing on nurturing students' "joy of learning" or intrinsic interest is recognized by key educational policy makers as a key factor in enhancing lifelong learning in Singapore schools in recent years (Wang, 2017) . Therefore, the motivational processes involving intrinsic interest need further investigation. The purpose of this study was to examine the motivational processes in the classroom using self-determination theory (SDT, Ryan and Deci, 2017) and to examine the differential effects of the three psychological needs within SDT.
The former Minister of Education (Schools), Singapore, Mr. Ng Chee Meng, coined the term "joy of learning" and equates it to when students are intrinsically motivated, love what they are doing in class, and enjoy attending school (Ng, 2017) . To illustrating the concept further, Wang and other researchers (e.g., Reeve, 2009; Wang, 2017) illustrates what a classroom could look and feel like when the these principles are in place: Teachers are able to meet their students' core psychological needs of competence, autonomy, and relatedness and create interesting and challenging lessons that are relevant to their lives. Students are given appropriate levels of challenges and they are able to make decisions about their learning. When they are faced with difficulties, the support system is in place to help them. Through this process, students become more interested in learning. When teachers see motivated students, they too, become more interested to teach.
The above mentioned constructs are the core constructs of SDT. This approach is beginning to be widely adopted in Singapore schools within the Singapore Teaching Practice framework (Ministry of Education, 2017) . SDT conceptualizes psychological needs as essential nutrients that are required for optimal functioning, growth and well-being . The theory posits that goal directed behaviours are driven by three innate psychological needs: autonomy (the need to feel ownership of one's behavior), competence (the need to produce desired outcomes and to experience mastery), and relatedness (the need to feel connected to others) in every human being. When the three psychological needs are satisfied in a particular context, intrinsic motivation will increase. People engage in activities that interest them with a full sense of volition, and without the presence of external rewards or constraints. On the other hand, if the three psychological needs are thwarted, intrinsic motivation will be undermined. Social contexts that support students' autonomy, competence and relatedness promote intrinsic motivation (Liu et al., 2014; Wang et al., 2017) . Vallerand and Losier (1999) suggest that the relationships between need satisfaction and outcomes are mediated by different types of motivation. There are four main types of motivation or behavioural regulations with different degrees of self-determined motivation. They are intrinsic, identified, introjected, and external motivation. Intrinsic motivation is when an individual chooses to engage in an activity for its own sake, whether for interest, pleasure or satisfaction (Ryan and Deci, 2017) . Identified regulation is when where behaviours are freely chosen by individuals because they are personally important to them. The behaviour represents the individual's own goal, and the source of motivation is feelings of 'want' rather than 'ought'. Intrinsic and identified regulations can be combined to form an autonomous motivation composite . Introjected regulation is when behaviours that are only partially internalized and which are performed out of guilt avoidance or ego enhancement. External regulation represents behaviours that are controlled by external means, such as rewards or external authority. Introjected and external regulation can be combined to form a controlled motivation composite Vansteenkiste et al., 2004) .
Autonomous motivation was found to be associated with numerous positive outcomes, including engagement, creativity (e.g., Connell and Wellborn, 1991; Koestner et al., 1984) , better performance (e.g., Grolnick et al., 1991) , persistence at school, (e.g., Vallerand et al., 1997) , as well as more positive psychotherapy outcomes (https://www.sciencedi rect.com/science/article/pii/S0191886910005258, Zuroff et al., 2007) . On the other hand, controlled motivation negatively correlated with them (Milyavskaya and Koestner, 2011; Vallerand et al., 1993) .
Coming back to the three psychological needs, are the three psychological needs equally important in a particular domain, or in a particular subject? Research into the need satisfaction in SDT has highlighted that autonomy and competence needs are essentials for the maintenance of intrinsic motivation . The need for relatedness is less clear, particularly in the classroom, but is beginning to be one of the focus in SDT research (Ryan and Deci, 2017) .
The purpose of the current study were to examine the motivational processes of need satisfaction, motivation, and outcomes and the multivariate relationships of needs and associated outcomes. According to SDT literature and the motivational sequence proposed by Vallerand and Losier (1999) , it is hypothesized when the students' psychological needs are satisfied, they would be positively related to autonomous motivation, and this in turn, would lead to higher enjoyment and value and lower pressure. On the other hand, the three psychological needs would be negatively related to controlled motivation. Controlled motivation would be positively related to pressure but negatively related to enjoyment and value (see Fig. 1 ).
Methods

Participants
The sample consisted of 1549 students from 10 secondary schools in Singapore. There were 757 boys and 775 girls (17 missing) in the study with mean age of 14.16 years old (SD ¼ 1.08). These schools were coeducational and considered as main-stream government schools in Singapore.
Procedure
Following ethical approval from the university Ethical Review Board, the Ministry of Education was then contacted for permission to collect data from schools. After which, emails were sent to school principals for their voluntary participation in the study. The researcher then followed up with schools that agreed to participate to arrange for the administration of the questionnaire. The participants took about 30 minutes to complete the questionnaire. Participants were informed about the nature of the research project before administration of the questionnaires. Informed consent of the participants was then obtained. They were told that their participation in the study was voluntary and they could withdraw at any time and confidentiality would be assured.
Measures
Students' need satisfaction
Students were asked to report the degree of satisfaction of their three psychological needs by responding to 16 items from the stem 'How do you feel when you are in this class?' (Taylor and Ntoumanis, 2007) . There were six items referring to Student Need for Autonomy (e.g. 'I can decide which activities I want to practice in this class'), five items referring to Student Need for Competence (e.g. 'I think I am pretty good in this class'), and five items referring to Student Need for Relatedness (e.g. 'In this class I feel supported'). Responses were reported on a 7-point scale ranging from 1 (not at all true) to 7 (very true). (2019) e01983 2.3.2. Students' motivational regulation Students reported their motivational regulations using scale adapted from Perceived Locus of Causality questionnaire (PLOC) (Goudas et al., 1994) . Subscales in the questionnaire were Intrinsic Motivation, Identified Regulation, Introjected Regulation, and External Regulation. Amotivation was not used in this study. The questionnaire contained 14 questions from the stem 'I participate in this class. . . '. Three items for each subscale were used to assess Intrinsic Motivation (e.g. 'because learning things in this class is fun'), and Identified Regulation (e.g. 'because I want to improve academically'). Four items for each subscale were used to assess Introjected Regulation (e.g. 'because I want the teacher to think I'm a good student'), and External Regulation (e.g. 'because I will get into trouble if I don't). Responses will be reported on a 7-point scale ranging from 1 (not at all true) to 7 (very true). Intrinsic Motivation and Identified Regulation were then combined into Autonomous Motivation, whereas Introjected Regulation and External Regulation were combined into Controlled Motivation.
Intrinsic motivation inventory
The students' levels of intrinsic interest outcomes such as perceptions on enjoyment, value, and pressure during learning were assessed using the Intrinsic Motivation Inventory (IMI) (McAuley et al., 1989) Students responded to 12 questions from the stem 'How do you feel when you are in this class?'. Four items for each subscale were used to measure the Enjoyment (e.g. 'I enjoy learning in this class very much'), Value (e.g. 'I believe learning in this class can be of some value to me'), and Pressure (e.g. 'I feel very tense when leaning in this class'). Responses were made on a 7-point Likert scale ranging from 1 (Not at all true) to 7 (Completely true).
Data analysis
Confirmatory factor analysis (CFA) was conducted to examine the factorial validity of all the measures using Mplus software (Muth en and Muth en, 2014). The internal consistency coefficients (alphas) of the scales were also computed. Descriptive statistics and the Pearson product-moment correlations of the main variables were tabulated. After which, Structural Equation Modelling (SEM) was used for the main analysis. Relationships among latent variables which are components of students' need satisfaction, motivation regulations, and intrinsic interest were analysed. SEM was used in exploring the predictive pathways from student need variables (Competence, Autonomy, and Relatedness) to individual student intrinsic interest outcome variables (Enjoyment, Value, and Pressure) through student motivational regulations (Autonomous and Controlled) as mediators.
All the models built were evaluated for goodness of fit using various fit indices. In the initial analyses, there was evidence of multivariate nonnormality in the distribution. Therefore, Robust Maximum Likelihood method was used as the estimation method. The Chi-Square statistic tests whether the model-implied variance-covariance matrix is significantly different from the variance-covariance matrix observed in the sample data. It is a measure of exact fit and a strict test of model fit. But it is known Chi-Square is affected by the sample size. For models with large number of cases (400 or more), the Chi-Square is almost always significant. So, models representing close fit should also be considered acceptable, and multiple criteria should be used to assess goodness-of-fit. Chi-Square, degree of freedom and p-value are always reported as a longstanding practice. A value of χ2/df smaller than 3.0 indicates good model fit to the data (Kline, 2005) .
The Comparative Fit Index (CFI) is an incremental fit index and it compares the hypothesized model against a null model. CFI has a range of 0-1 and values greater than 0.95 are considered to indicate a satisfactory fit of the model to the data (Hu and Bentler, 1999) . The NFI is computed using the difference between the chi-square value for the proposed model and the null model. In the null model, the covariances in the covariance matrix for the latent variables are all assumed to be zero. Tucker Lewis Index (TLI) or Non-Normed Fit Index (NNFI) estimates the relative improvement per degree of freedom of the target model over an independence model and ranges from 0 to 1. Hu and Bentler (1999) recommend above values higher than .90 as indication of good fit to the data.
Root-Mean-Square Error of Approximation (RMSEA) assesses how poorly the model fits the data and measures the discrepancy per degree of freedom. The RMSEA is a fit index adjusted for parsimony. When two models have a similar model fit, a more parsimonious model is preferred. This fit index is very sensitive to model misspecification and it is widely used. A RMSEA value of about .05 or less reflects a model of close fit, whereas values between .05 and .08 indicate reasonable fit (Browne and Cudeck, 1992) .
Wald and Lagrange Multiplier (LM) tests were used for model modification after testing the hypothesized model. The Wald test assesses whether any free parameters of a model can be restricted without substantial loss of information (Bentler, 1995) . The LM tests whether any parameters that were set to zero in the model are, in fact, not zero. It tests the effect of adding free parameters to a model (Bentler, 1995; Byrne, 2006) . These tests were conducted to examine any potential variations to the hypothesized model which make theoretically sense.
Results
Descriptive statistics
The results of the Confirmatory Factor Analysis (CFA) of all the measures are shown in Table 1 . All the measurement models showed acceptable fit with PLOC showing a typical slightly lower fit, compared to the other two measurement tools. Table 2 shows the descriptive statistics including internal reliabilities, range, means, standard deviations, skewness and kurtosis of all the variables. The internal consistency of all subscales demonstrated acceptable internal reliability ranging from .69 to .90.
The students reported moderately high in relatedness, autonomous motivation, enjoyment and value, and low in pressure. The zero-order correlations among the key variables are shown in Table 3 . In general, the three psychological needs were positively correlated with one another. All three psychological needs were positively associated with autonomous motivation, enjoyment and value, and negatively related to pressure. Autonomous motivation was positively related to enjoyment and value and negative associated with pressure. Controlled motivation was positively associated with pressure. Fig. 3 . There were differential effects of the three psychological needs on motivation. Specifically, relatedness contributed strongly to autonomous motivation, compared to autonomy and competence. On the other hand, while autonomy and relatedness contributed to controlled motivation negatively, competence positively predicted controlled motivation. Finally, competence was found to link to pressure in a negative way.
Discussion
SDT has been widely adopted in understanding and predicting motivation in the classroom. The theory posits that intrinsic motivation is enhanced when satisfaction of three psychological needs of autonomy, competence, and relatedness is achieved. This forms the core of five minitheories in SDT, termed as the Basic Psychological Need Theory (BPNT). People are motivated to satisfy these needs because they are considered essential for self-growth, social development and personal well-being Ryan, 1985, 1991; Ryan and Deci, 2000) . The purpose of the current study were to examine the relationships between need satisfaction, motivation, and outcomes as well as the differential effects of the three psychological needs.
In this study, the descriptive statistics presented a positive motivation profile of Singapore students. It was found that students reported high autonomous motivation, competence, relatedness, enjoyment and value. In addition, they scored low in pressure in the classroom. The fact that Singapore students are highly motivated could be the reason for Singapore to emerge as one of the top performers in international assessments such as Programme for International Student Assessments (PISA; OECD, 2015) and The Trends in International Mathematics and Science Study (TIMSS; National Centre for Education Statistics, 2016) .
The results of the SEM supported the hypothesised model in that the three psychological needs positively predicted autonomous motivation, and in turns, positively predicted enjoyment and value and negatively predicted pressure. On the other hand, psychological need satisfaction was found negatively associated with controlled motivation. Controlled motivation positively predicted pressure but was negatively associated with enjoyment and value. It is noteworthy that the model accounted for a large proportion of variance in enjoyment, value and pressure. The findings confirm the propositions of SDT (Ryan and Deci, 2017) . In addition, the mediating roles of motivation between need satisfaction and outcomes are also supported (Vallerand and Losier, 1999) . This study contributes to the literature in providing insights into the differential effects of the three psychological needs. Most of the previous studies load the three psychological needs to one latent factor overall need satisfaction (e.g., Standage et al., 2005) , in doing so, the effects of each need on motivation and outcomes will be masked. As such the relative impact of each need is not known. The results of the current study supports SDT in that need satisfaction leads to autonomous motivation. Specifically, relatedness is the strongest contributor to autonomous motivation, compared to autonomy and competence. In addition, autonomy and relatedness negatively predicted controlled motivation. The only exception is need for competence.
Most of the studies in the SDT literature suggest all the three psychological needs to be satisfied for intrinsic motivation to be enhanced (Niemiec and Ryan, 2009) . Not many studies examine the relative effects of each psychological need. Sheldon and Filak (2008) experimentally manipulate the three psychological needs within the social context in a boggle game by creating a 2 (autonomy support: yes or no) x 2 (competence support: yes or no) x 2 (relatedness support: yes or no). They found that competence support and relatedness support each had unique main effects upon most of the outcomes. The results of this study support previous studies in that the three psychological needs are distinct and unique.
Relatedness is one of the most ignored psychological needs in the SDT literature until recently. It is only recently that Ryan and Deci (2017) have included the relationship motivation theory (RMT) as the latest mini-theories of SDT. RMT recognizes relatedness as a core psychological need in its own right. This study found that relatedness was among the strongest predictors of autonomous motivation in the classroom.
Competence was found to negatively related to pressure. This is consistent with SDT. As competence is a reflection of one's belief about ability to produce desired outcomes, it is not surprising that this need could be negatively related to perceived tension or pressure.
There are a few limitations of the current study that need to be addressed in future studies. Firstly, the study is cross-sectional and selfreported. While the work does offer some confirmatory evidence for substantive aspects of SDT, the results of this study present correlations rather than predictive relationships. It is difficult to conclude the causal effects of the relationships. Future field experiments or intervention studies need to be conducted to tease out the causal relationships of the variables. Second, the data could be nested by class or by school at a higher level, future studies need to examine the multilevel effects of the data. Finally, the current study did not look at need frustration as a separate phenomenon of the motivational processes. Some researchers suggest that the frustration of these needs would be more detrimental than low need fulfilment (Vansteenkiste and Ryan, 2013) . Future studies need to take into account of need frustration and need dissatisfaction.
In summary, the findings of the current study provide support to the propositions of SDT and add some insights to the differential effects of the three psychological needs. Specifically, need satisfaction enhances autonomous motivation and is linked to positive outcomes. Out of the three psychological needs, need for relatedness seems to be the largest predictor of autonomous motivation, compared to needs for autonomy and competence. It is hoped that more studies will be conducted in the future to tease out the effects of the three psychological needs, whether they are additive, synergistic, or balance in education and other settings. Dysvik and his colleagues (Dysvik et al., 2013) suggest the presence of additive, synergistic, but not balanced effects of need satisfaction on intrinsic motivation in the work domain.
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